Rashba effect describes how electrons moving in an electric field experience a momentum dependent magnetic field that couples to the electron angular momentum (spin). This physical phenomenon permits the generation of spin polarization from charge current (Edelstein effect), which leads to the buildup of spin accumulation. Spin accumulation due to Rashba-Edelstein effect has been recently reported to be uniform and oriented in plane, which has been suggested for applications as spin filter device and efficient driving force for magnetization switching. Here, we report the X-ray spectroscopy characterization Rashba interface formed between nonmagnetic metal (Cu, Ag) and oxide (Bi 2 O 3 ) at grazing incidence angles. We further discuss the generation of spin accumulation by injection of electrical current at these Rashba interfaces, and its optical detection by time resolved magneto optical Kerr effect. We provide details of our characterization which can be extended to other Rashba type systems beyond those reported here.
Introduction
On demand generation and efficient detection of spin accumulation is a highly ranked topic in Spintronics. More than 10 years ago, the first experimental evidence of the spin Hall effect was achieved by the optical observation of spin accumulation, induced by passing unpolarized current in bulk GaAs and strained InGaAs without external magnetic field [1] . Since then, several reports have confirmed the existence of spin Hall effect in diverse material systems, and more recently, reports have showed the application of spin accumulation as means for magnetization switching [2, 3] . Although, the optical observation of spin accumulation via the magneto optical Kerr effect (MOKE) is routinely applied in semiconductor structures, the feasibility of its application for observing spin accumulation in metallic systems have created controversy, and it has been recently under discussion [4] [5] [6] [7] [8] [9] . Intrinsically, metallic elements have relatively low optical activity when compared with semiconductors with well-defined optical transitions. This characteristic harms the signal to noise ratio of MOKE measurements in metallic elements. Particularly challenging is the optical detection of spin accumulation with in-plane orientation induced by spin Hall effect. For spin Hall materials the orientation of spin accumulation is perpendicular to the electron flow and opposite at opposite sample planes; while at both lateral ends of the sample there is uniform out of plane spin accumulation across the sample thickness; closer to the center, the orientation of the spin accumulation is in -plane and gradually changes to the opposite in -plane orientation across the sample thickness. Nevertheless, recent reports showed evidence of optical detection of in-plane spin accumulation in metallic spin Hall effect materials. O. M. J. vant Ervea et. al. [4] , defocus the laser beam in his longitudinal MOKE measurements, increasing the spot size to collect larger number of spins from the top sample surface, while at the same time minimizes the laser penetration depth and detection of opposite oriented spins from the bottom sample surface. In an independent report, C. Stamm et. al. [8] , relies in the ultra-high sensitivity of his longitudinal MOKE system for the optical detection of in-plane spin accumulation, detecting Kerr rotation angles as low as
Stamm and colleagues go further, and provide a DFT (density functional theory) 3 analysis that allows them to estimate the spin hall angles for Pt and W. However, the MOKE detection of spin accumulation in metallic systems have created skepticism, with particular concern in the influence of heating generated by the injection of relatively large electrical current densities [6, 7] . Different from spin Hall effect, where spin orientation is opposite at opposite sample planes, orientation due to direct Rashba -Edelstein effect (DREE) is predicted to be uniform, oriented in-plane and perpendicular to the current direction [10, 11] .
Here, we report spin accumulation induced by DREE and extend our discussion in our sample characteristics, X-ray spectroscopy, time resolved transverse magneto optical Kerr effect setup and the analysis of our estimated signals when compared with previous reports in spin Hall materials. 
Experimental details

Fabrication of nonmagnetic interfaces
Grazing angle and energy-dispersive X-ray spectroscopy
We characterize the crystal structure at our interfaces by a grazing-incidence Xray diffraction (GI-XRD) technique. GI-XRD limits the penetration depth of Xray beam. Below a critical incidence angle, an evanescent wave is created for a short distance and is damped exponentially, allowing Bragg reflections to limited 4 thickness. We use a parallel beam configuration with wavelength, = 0.154184 nm (CuK ), and divergence, scattering and receiving slits were set to 1 mm each.
XRD source voltage and current are 40 kV and 30 mA, respectively. Further confirmation of the chemical elements contained in our samples was carried out by energy dispersive X-ray (EDX) spectroscopy measurements, with Cartesian geometry optical kernel and monochromatic secondary target excitation to enhanced signal to noise ratio.
Magneto optical Kerr effect
For the measurement of spin accumulation at Rashba-like interface in our device
we use a custom-made benchtop time-resolved transverse magneto-optical Kerr effect (TR-TMOKE) microscope [12, 13] , see figure 1. for the detection of time varying spin accumulation. In our TR-TMOKE setup, the incidence light is polarized at = 45°, mixing s and p polarizations. A systematic study showed an increase of more than two orders of magnitude for detection of MOKE setups by mixing s and p polarization than when working with a welldefined s or p polarization [14] . The laser beam is focused onto the device surface by a long working distance microscope objective (numerical aperture = 0.14, magnification = 5x) with a spot size of about 3.55 determined by diffraction.
In this case, the incident laser beam is slightly shifted from the axis of microscope objective, so that the reflected beam from sample surface can be collected by same microscope objective through diametrically opposite side. This enables us to measure the time varying in-plane component of spin polarization very efficiently.
As the Kerr ellipticity of the Rashba interface is stronger than Kerr rotation due to strong dichroism effect [15] , we use a quarter wave plate (QWP) to convert Kerr Oxygen in metal oxide compounds is out of the range of our apparatus (<1KeV) [19] , and usually the weak intensity of EDX for light elements makes their detection challenging. Nevertheless, we can assure the formation and presence of , respectively, while the sign of effective mass * is negative for both interfaces. These characteristics of our measurements correspond to our initial assumption of the existence of Rashba spin orbit interaction at our interfaces. Additionally, spin accumulation induced by direct Rashba -Edelstein effect is expected to be homogenous across the whole interface area. We test this prediction by TR-TMOKE measurements at three random laser spot positions at our interfaces. Similar conclusions to the description above were discussed previously by the authors [10] . Here, we turn our discussion to the estimation of our spin accumulation at Rashba like interfaces, and compare our results to previous reports for spin Hall effect materials, where certain controversy exists.
Results and discussion
Intrinsically, spin accumulation generated by bulk spin Hall effect (SHE) and the interface into the Cu bulk layer [21] . Additional, at room temperature the spin diffusion length for Cu and Ag is much larger than the thickness in our samples (20nm) [24, 25] . These characteristics indicate that the density of spins detected in our experiments is enhanced by the diffused spins into the bulk, with a detection limit set by the penetration depth of our laser. 
Conclusions
In summary, we showed the characterization of the crystal structure at our interfaces by GI-XRD. We observed a broad peak at 28 0 at both interfaces, which corresponds to -phase of Bi 2 O 3 , its most stable phase at room temperature [16] .
Moreover, we observed preferential crystal orientation of the (111) faces for both, Cu and Ag layers. The (111) preferred crystal orientation has been previously observed in other Rashba type interfaces [17] . We showed the optical detection of spin accumulation by Kerr effect. Our signal shows a uniform and preferential spin orientation, which is related to spin accumulation induced by DREE [10, 11] .
We further discussed the estimation of our spin accumulation and compare our results with previous reports of MOKE detection of spin accumulation in SHE materials [4, 8, 9] . The present manuscript gives a detail description of our experiments and discusses the feasibility of optical Kerr effect characterization of spin accumulation at interfaces with Rashba type spin orbit interaction. We expect that our work motives further optical exploration of spin accumulation in both Rashba and spin Hall effect systems. In terms of electronic materials, with the slowdown of the complementary metal-oxide-semiconductor (CMOS) technologies, new capabilities based on spin and polarization in metal oxides and ferroelectrics may pave the way forward [28, 29] .
